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aBstract
Objective: to determine the status of environmental and occupational lead exposure in selected 
areas in nairobi, Kenya.
Design: cross sectional study.
Setting: Kariobangi north, Babadogo, Waithaka and pumwani for assessment of environmental 
exposure to lead (pb) and Ziwani Jua Kali works for assessment of occupational lead exposure. 
olkalou in nyandarua district was the covariate study area.
Subjects: three hundred and eight children and adults participated.
Results: Blood lead levels (Blls) obtained for the entire sample (n = 308) ranged from 0.4 to 65µg/
dl of blood. one hundred and sixty nine (55%) of the total sample had levels equal to or below 
4.9µg/dl, while 62 (20%) of the sample had levels ranging from 5.0 to 9.9µg/dl. Blood lead levels 
above 10µg/dl were recorded in 77 (25%) of the total sample. Within nairobi, 32 (15.3%) of the 
study subjects in areas meant for assessment of environmental lead exposure had levels above the 
WHo/cdc action levels of 10µg/dl of blood. the mean Bll for the occupationally exposed (Ziwani 
Jua kali) was 22.6 ± 13.4µg/dl. among the workers, 89% had Blls above 10µg/dl. in general, 15% 
of the entire sample (for both environmental and occupational groups) in nairobi had Blls above 
15µg/dl. the covariate group at olkalou had a mean Bll of 1.3 ± 0.9µg/dl.
Conclusion: the prevalence of environmental lead exposure to the general public is high in nairobi 
compared to olkalou where non exposure was reported. occupational lead exposure has been 
identified to be at alarming levels and urgent intervention measures are recommended.










lead	 is	 a	 naturally	 occurring	 element,	 the	 most	
accessible	of	 the	heavy	metals	 in	the	earth’s	crust	
that	 is	 widely	 distributed	 and	 used	 in	 numerous	







environment	 (2,3).	 depending	 on	 whether	 lead	
exposure	 is	 acute	 or	 chronic,	 serious	 physiologic	
effects,	 including	 death	 or	 long-term	 irreversible	
damage	to	brain	function	and	organ	systems	occur.	
lead	 primarily	 affects	 the	 peripheral	 and	 central	
nervous	 systems,	 renal	 function,	 haematopoietic	
system,	 and	 the	 metabolism	 of	 vitamin	 d	 and	
calcium.	lead	also	causes	hypertension,	reproductive	
toxicity,	 and	 developmental	 effects	 (1,2).	 lead	
intoxication	is	dangerous	to	all	people	in	all	sectors	
but	 children	 are	 more	 vulnerable	 due	 to	 their	
lifestyle,	rapid	growth	and	still	developing	systems.	
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older	persons	have	higher	deposition	in	the	kidneys	
due to renal insufficiency as age advances (4,5). The 
WHo	(6)	estimates	indicate	that	12	million	children	
in	developing	countries	suffer	from	some	form	of	
permanent	 brain	 damage	 due	 to	 lead	 poisoning.	






or	 painted	 wood,	 burning	 candle	 wicks,	 some	
cosmetics,	 cigarettes,	 and	 dust	 from	 lead	 painted	






people	 who	 work	 in	 lead	 smelting	 and	 refining	
industries	and	those	who	deal	with	lead	during	the	
manufacturing	process	as	well	 as	policemen	who	
stand for long hours in traffic may be overexposed 
to	lead.	construction	workers	and	people	who	work	
at	municipal	waste	incinerators,	pottery	and	ceramic	
industries	 and	 radiator	 repair	 shops	 could	 all	 be	
exposed	to	high	lead	levels	(1,3).
the	major	routes	of	lead	entry	into	the	human	
body	are	 inhalation	and	 ingestion	and	 to	a	 lesser	





the	 respiratory	 tract.	absorption	of	 lead	 from	 the	
gastrointestinal	tract	is	primarily	in	the	duodenum	
and	depends	on	 the	chemical	 form	 ingested,	age,	
meal	status	and	nutritional	factors.	the	less	calcium	
or	iron	there	is	in	the	diet,	the	more	of	lead	that	is	










in	 the	 liver	 through	 a	 p-450	 mediated	 oxidative	
dealkylation	 to	 highly	 neurotoxic	 metabolites	 or	
completely	 oxidized	 to	 inorganic	 lead.	 inorganic	
lead	 forms	reversible	complexes	with	amino	acids	











Exposure	 to	 lead	 is	 usually	 characterised	 by	
subtle,	 non-specific	 symptoms	 that	 frequently	
contribute	 to	 misdiagnosis	 of	 lead	 poisoning	
and	 the	 onset	 of	 symptoms	 depend	 on	 whether	





the	 higher	 the	 test	 result,	 the	 more	 lead	 in	 the	
system	 and	 the	 more	 potential	 danger	 there	 is	 to	
health	 (1,7).	although	 the	 WHo	 and	 the	 united	
States Centers for Disease Control (CDC) defined 





this	 paper	 presents	 the	 findings	 of	 a	 study	
conducted	to	determine	the	status	of	general	public	




The study area/study population: this	 was	 a	 cross-














insufficiency were excluded from the study. Blood lead 
levels	were	determined	in	a	total	of	308	study	subjects.	
Children and adolescents (ages ≤20 years) made up 
40.9%	of	the	study	population.
Collection and testing of blood samples: Blood	samples	
were	 obtained	 from	 all	 participating	 individuals	
by	 finger	 pricking	 and	 collected	 in	 heparinised	
capillary	tubes.	fifty	microliter	of	the	blood	sample	
was	transferred	into	an	acid	based	treatment	reagent	
for	 preanalytical	 sample	 preparation.	 analysis	 of	
the	sample	for	Blls	determination	was	done	based	




detailed	 in	 the	users	manual	 (14).	the	blood	 lead	
concentrations	 were	 reported	 in	 micrograms	 per	
deciliter	of	blood	(µg/dl).










significant variation in BLLs between comparisons at 
95% confidence limit.
rEsults
Blood	 lead	 levels	 (Blls)	 obtained	 for	 the	 entire	
sample	 (n	 =	 308)	 ranged	 from	 0.4	 to	 65µg/dl	 of	
blood.	Blls	for	individuals	in	the	study	areas	meant	
for	 environmental	 assessment	 ranged	 from	 1.4	 to	
22.0µg/dl.	 the	 lowest,	 highest	 and	 means	 ±	 1sd	
Blls	in	µg/dl	obtained	for	respective	areas	were:	
Kariobangi	 north	 (1.4,	 22.0,	 5.0	 ±	 3.6),	 Babadogo	
(1.5,	21.8,	5.8	±	4.1),	Waithaka	(1.4,	13.0,	4.1	±	2.7)	
and	 pumwani	 (3.5,	 20.3,	 8.4	 ±	 3.8).	 in	 order	 of	
increasing prevalence, those with BLLs ≥10µg/dl 
were	5.8%	in	Waithaka,	10%	in	Kariobangi	north,	
15.2%	 in	 Babadogo	 and	 30%	 in	 pumwani.	 the	
mean	Bll	for	the	occupationally	exposed	(Ziwani	
Jua	 kali)	 was	 22.6	 ±	 13.4µg/dl	 while	 the	 lowest	
and	highest	Blls	obtained	in	this	group	were	5.8	
and	65µg/dl	respectively.	Eighty	nine	per	cent	of	
the	 study	 subjects	 had	 Blls	 above	 10µg/dl.	 the	
covariate	group	at	olkalou	had	the	lowest	blood	lead	





Major	 occupational	 activities	 that	 contributed	
to	 the	 observed	 Blls	 at	 Ziwani	 Jua	 kali	 works	
were	spray	painting	(n	=	21),	panel	beating	(n	=	11),	
gas/electrical	 welding	 (n	 =	 7)	 and	 motor	 vehicle	
table 1
Blood lead levels in the total sample and prevalence of BLLs ≥10µg/dl
Region No. Mean ± 1SD Mode  Min Max % ≥10µg/dl
Kariobangi	north	 90	 5.0	±	3.6	 2.7	 1.4	 22.0	 10.0
Babadogo	 46	 5.8	±	4.1	 3.6	 1.5	 21.8	 15.2
Waithaka	 52	 4.1	±	2.7	 2.7	 1.4	 13.0	 5.8
pumwani	 30	 8.4	±	3.8af	 8.3	 3.5	 20.3	 30.0
Ziwani	Jua	Kali	 55	 22.6	±	13.4bdgi	 21.2	 5.8	 65.0	 89.1
olkalou	 35	 1.3	±	0.9cehjk		 0.8	 0.4	 4.1	 0.0
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mechanics	(n	=	8).	the	mean	blood	lead	levels	were	








subjects	 had	 levels	 above	 20µg/dl.	 there	 was	 no	
significant difference (p > 0.05) between	the	Blls	
obtained	for	the	various	occupations	(table	2).
agewise,	the	highest	mean	Bll	(9.7	±	5.7µg/dl)	
was recorded at Babadogo for the age group ≤10 
years	while	the	lowest	mean	(2.8	±	1.0µg/dl)	was	
recorded	 at	 Waithaka	 for	 the	 age	 set	 31-40	 years.	
No significant variation (p>0.05) in BLLs was 
recorded	in	olkalou	between	the	various	age	sets.	
a	 decreasing	 trend	 in	 Blls	 with	 increase	 in	 age	
up	to	50	years	(figure	1)	was	noted	for	Waithaka,	
Kariobangi	north	and	Babadogo.
Comparison of blood lead levels for all adults (>20 
years),	 showed	 that	 the	blood	 lead	concentrations	
obtained at Olkalou differed significantly (p<0.05) 
with	 Blls	 obtained	 for	 all	 adults	 in	 nairobi.	
likewise,	 blood	 lead	 concentrations	 in	 Ziwani	
differed significantly (p<0.001) with blood lead levels 
obtained	in	all	the	other	study	areas.	there	was	no	




above 20 years indicated no significant variation 
(p>0.05) in the BLLs obtained at Kariobangi North, 
Babadogo,	Waithaka,	olkalou	and	Ziwani.	While,	
Blls	obtained	for	individuals	<20	years	in	pumwani	
differed significantly (p<0.05) with those above 20 
years	in	Kariobangi	north,	Waithaka	and	olkalou,	
no significant variation (p>0.05) was noted between 
pumwani	and	Babadogo	as	well	 as	Ziwani.	Blls	
for	 study	subjects	aged	below	20	years	 in	Ziwani	
varied significantly (p<0.05) to the blood lead values 
table 2
Blood lead levels (µg/dl) in Ziwani Jua kali
Occupational activity No. Mean ± lSD Median Min. Max. %>10µg/dl
painters	 21	 21.8	±	11.6	 21.2	 10	 65	 100	
Welders	 7	 25.3	±	17.8	 17.0	 11.2	 58.2	 100	
painters/panel	beaters	 3	 24.1	±	12.7	 22.3	 12.4	 37.6	 100	
panel	beaters	 11	 22.4	±	14.2	 18.3	 7.9	 50.8	 72.7	
Mechanics	 8	 23.0	±	19.0	 13.9	 5.8	 52.9	 62.5	
others	 5	 18.1	±	4.2	 18.6	 11.3	 21.7	 100
total	 55	 22.5	±	13.4	 18.6	 5.8	 65	 89.2
Figure 1
Mean blood lead level (µg/dl) concentrations by age







six	 in	Babadogo,	 twenty	 in	Waithaka	and	 thirty	 in	
pumwani	had	Blls	ranging	from	1.4	to	21.8	µg/dl.	
the	 lowest	and	highest	Blls	 (µg/dl)	obtained	 for	



















categories (≤5, 6-10, 11-15 and 16-20 years) for the 
study	 subjects	 aged	 20	 years	 and	 below.	 Mean	
Blls	ranged	from	4.1	to	l0.6µg/dl.	the	lowest	and	












Blood lead levels (µg/dl) for individuals’ aged ≤20 years in the total sample
Area of study No. Mean ± 1SD Mode % >10µg/dl % >5µg/dl Min. Bll Max. Bll
Kariobangi	north	 36		 6.3	±	3.7		 4.5	 17.0		 44.0		 2.1	 16.5
Babadogo	 26	 7.3	±	4.8	 3.6	 27.0	 62.0	 1.5	 21.8
Waithaka	 19	 5.1	±	3.4	 3.2	 10.0	 40.0	 1.4	 13.0
pumwani	 30	 8.4	±	3.8	 8.3	 30.0	 83.0	 3.5	 20.3
Ziwani	Jua	Kali		 5	 24.4	±	7.4c		 n/a		 100.0		 100.0	 15.7		 35.6	





Mean ± 1SD (µg/dl) blood lead levels by age sets for subjects aged ≤20 years
area/age	(years)	 0-5	(n	=	16)	 6-10	(n	=	34)	 11-15	(n	=	42)	 16-20	(n	=	34)
Kariobangi	north	 8.7	±	4.5	(n	=	8)	 6.6	±	3.1	(n	=	13)	 4.1	±	0.2	(n	=	5)	 5.3	±	3.3	(n	=	10)
Babadogo	 6.2	±	3.6	(n	=	2)	 10.6	±	5.9	(n	=	8)	 5.2	±	3.1	(n	=	10)	 6.8	±	4.3	(n	=	6)
Waithaka	 7.1	±	4.0	(n	=	4)	 5.8	±	3.0	(n	=	3)	 3.3	±	0.1	(n	=	2)	 4.4	±	3.7	(n	=	11)	
pumwani	 	 7.9	±	3.7	(n	=	5)	 8.5	±	3.9	(n	=	25)	
olkalou	 1.0	±	0.69	(n	=	2)	 1.7	±	1.1a	(n	=	5)	 	 0.9	±	0.6	(n	=	2)	
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table	5	presents	mean	blood	lead	levels	for	study	
subjects	aged	ten	years	and	below.	thirty	two	per	
cent of the children ≤10 years had BLLs exceeding 
10µg/dl.	in	individual	study	areas	within	nairobi,	
the	mean	Blls	and	per	centage	of	children	in	this	
age	 category	 with	 Blls	 greater	 than	 10µg/dl	 in	
ascending	 order,	 were	 reported	 as:	 Waithaka	 (6.5	
±	 3.0;	 14.2%),	 Kariobangi	 north	 (7.4	 ±	 3.9;	 24%),	
pumwani	(7.9	±	3.7;	40%)	and	Babadogo	(9.7	±	5.7;	
50%). Sixty five per cent of the children in Kariobangi 






obtained	 Blls	 done	 between	 the	 selected	 areas	
in	 nairobi	 and	 olkalou	 in	 nyandarua	 district	 to	
assess	 both	 general	 population	 and	 occupational	
exposures	to	lead.	Blls	obtained	for	nairobi	study	













largely	 indicated	 non-exposure	 in	olkalou	 where	
none	of	the	study	subjects	had	levels	above	10µg/dl	
as opposed to Nairobi where significant exposure is 
indicated	with	15%	of	the	population	having	elevated	
blood	 lead	 levels.	a	distinction	between	 levels	of	
exposure	 environmentally	 and	 occupationally	 is	
clearly	shown.




were	 significantly	 elevated	 than	 those	 found	 in	
other	study	areas	within	nairobi.	a	major	predictor	
of	 elevated	Blls	 in	 this	 area	 can	be	attributed	 to	
exposure	to	airborne	lead	emissions	from	vehicles.	
The significance (p<0.05) variation in BLLs obtained 
between	 pumwani	 and	 other	 areas;	 Kariobangi	







proportion	 of	 children	 could	 be	 exposed	 to	 high	
levels	of	lead	in	the	environment.	of	major	concern	
















Blood lead levels for children aged ≤10 years in Nairobi and Olkalou
Area of study No. Mean ± 1SD % >10µg/dl %>5µg/dl
Kariobangi	north	 21	 7.4	±	3.9	 24	 61.9
Babadogo	 10	 9.7	±	5.7	 50	 70
Waithaka	 7	 6.5	±	3.0	 14.2	 71
pumwani	 5	 7.9	±	3.7	 40	 60
olkalou	 7	 1.7	±	1.1ab	 nil	 nil
the	values	are	expressed	as	Bll	means	±	standard	deviation	in	µg/dl.	a	=	p<0.05	between	Kariobangi	
north	and	olkalou	age	sets	6-10	years;	b	=	p<0.01	between	Babadogo	and	olkalou.
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(≤10 years) in Nairobi ranged from 2.6 to 21.6µg/dL 




in	 individual	 study	 sites	 obtained	 in	 Kariobangi	
north,	 Babadogo,	 Waithaka	 and	 pumwani	 were	
lower	 than	 those	 reported	 in	 Johannesburg	 (9.1	±	
3.1µg/dl;	44.4µg/dl;	35%),	capetown	(6.4	±	2.9µg/dl;	
24.5µ/g/dl;	10%),	Kimberley	(7.1	±	2.7µg/dl;	22.6µg/
dl;	 10%),	 pella	 and	 onseepkans	 (6.1	 ±	 2.5µg/dl;	
17.1µg/dl;	7.6%)	(15,16).
Comparatively, the findings in Nairobi indicated 
high	level	of	exposure	in	nairobi	for	children	aged	




childhood lead poisoning, identified other sources 
of	exposure	 to	be	 releases	 from	 industries	 such	as	
smelters,	battery	factories	and	radiator	shops,	burning	
of solid wastes and flour from traditional stone mills. 
While	the	study	in	nairobi	reported	a	prevalence	of	








Jua	 Kali	 works	 is	 a	 clear	 indication	 of	 an	 urgent	
need	 to	 address	 occupational	 exposure.	 some	 of	
the workers had levels ≥ 40µg/dl which warranted 
removal	 from	work;	 the	risks	of	developing	renal	
insufficiency and other complications was high in 
five of the workers who had levels of 65, 58.2, 52.9, 
50.8	and	42.8µg/dl.	Major	source	of	exposure	can	
be	 attributed	 to	 paint	 as	 evidenced	 by	 the	 levels	









the	 variations	 in	 blood	 lead	 levels	 observed	
between	the	occupationally	and	non-occupationally	








7.41µg/dl) to be significantly higher than the rural 
population	(mean:	3.49	±	1.39µg/dl).
in	conclusion,	this	study	achieved	its	major	objective	
of	 determining	 the	 status	 of	 general	 public	 and	
occupational	 exposure	 to	 lead	 in	 selected	 parts	
of	 nairobi,	 Kenya	 and	 provided	 baseline	 blood	
lead	 levels.	 it	 is	 recommended,	 based	 on	 the	
findings,	 that	 intervention	 measures	 to	 protect	
the	 general	 population	 and	 workers	 from	 over	
exposure	 to	 lead,	 should	 be	 instituted.	 likewise,	
a	 detailed	 study	 to	 determine	 and	 evaluate	 all	
sources	 of	 lead	 and	 their	 contribution	 to	 lead	
exposure	should	be	done.	a	general	public	screen	
on	 lead	 exposure	 and	 regular	 screening	 of	 the	
public	 living	 in	 high	 risk	 areas	 and	 workers	 will	
promote	prevention	and	reduction	of	lead	exposure	
and	 early	 diagnosis	 and	 are	 recommended.	 the	
establishment	of	a	permanent	centre	 to	deal	with	
lead	poisoning	and	other	environmental	toxicants	
is	 recommended.	 such	 a	 facility	 should	 have	





hygiene	 techniques	 and	 preventive	 strategies,	
establishment	of	engineering	controls,	provision	of	
personal	protective	equipment,	protective	clothing	
and	 face	 masks,	 gloves	 e.t.c.	 Environmental	 lead	
exposure	 can	 be	 prevented	 and	 greatly	 reduced	
by	regulation	of	emissions	from	vehicles,	mining,	
smelting and refining operations which effectively 
reduce	atmospheric	lead,	replacing	water	delivery	
pipes	 with	 non-lead	 plumbing,	 establishment	 of	






the	 united	 nations	 Environmental	 programme	
(unEp)	 in	nairobi	 collaborated	 in	 this	 study	and	
provided	 a	 blood	 lead	 analyzer	 from	 the	 united	
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